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Abstract
Puberty is a critical age for patients with Turner syndrome (TS): infertility is reported to be linked to karyotype and
spontaneous puberty and menarche occur in approximately 30% of patients, especially in mosaicism. However, it is
not always predictable considering hormonal pattern and pelvic transabdominal ultrasound scan (US).
The aim of the study is to compare the accuracy of Magnetic Resonance Imaging (MRI) and US to evaluate uterine
and gonads volume, to visualize the presence of follicles and to predict spontaneous puberty and menarche in girls
with TS. In a retrospective study, we evaluated 19 TS patients (age: 9–16 years), who underwent transabdominal
pelvic US and pelvic MRI as required by parents. We correlated pelvic imaging with karyotype, hormonal data and
pubertal outcome, and we compared US resolution to MRI.
MRI revealed a higher accuracy in the study of uterus and ovaries, and permitted to measure ovaries not visualized
by US. Ovarian volume, the presence of follicles and the occurrence of spontaneous puberty were not related to
the karyotype; spontaneous puberty started in one patient with a karyotype 45,X and in two patients with mosaicism
(45,X/46,XX; 47,XXX/45, X). Ovarian follicles were relieved by MRI in patients with a spontaneous menarche and the
persistence of menstrual cycles correlated with an ovarian volume corresponding to Tanner stage 3–4. We stress the
role of MRI in the follow-up of TS adolescents, guide in the choice of the timing of treatment.
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Dear Sir,
TS is the most common chromosomal aneuploidy in
humans, with a prevalence of 1:2.500 females. However
the real incidence in pregnancies is significantly higher,
because 99% of foetuses with a 45,X karyotype under-
goes to spontaneous abortion [1].
TS is characterized by a typical phenotype, associated
with total or partial X chromosome monosomy, some-
times with mosaicism. Typical facies, hearth and kidney
malformations, short stature and hypogonadism are
characteristic. Secondary sexual characters and menses
are reached in TS patients by oestroprogestinic treat-
ment. However, an optimal timing and dose of the
oestroprogestinic treatment does not guarantee uterine
growth until the adult volume [2, 3]. Otherwise
spontaneous puberty and menarche occur without
oestroprogestinic treatment in 30% of TS patients. This
favourable prognosis is described especially in mosai-
cism; however, it is not always predictable by karyotype,
hormonal pattern and pelvic scan [4, 5].
Transabdominal pelvic US and pelvic MRI are accurate,
safe and non-invasive techniques for visualizing the size
and the shape of the internal genitalia in pre-pubertal and
pubertal girls. US provides a quicker and accurate check
up of gonads and uterus, however MRI provides measure-
ments that are less operator-dependent [6].
Usually, ovary and uterine diameters are evaluated by
transabdominal scan in TS adolescents [4]. However, US
has lower sensitivity and specificity compared to laparos-
copy, especially in streak gonads. Only one study [7]
described the results of pelvic MRI imaging in TS. MRI
showed a higher sensitivity and specificity for evaluation
of ovarian follicles and uterus and a higher accuracy to
predict spontaneous puberty and menarche.
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The objectives of our study are to compare the accur-
acy of MRI vs US to evaluate uterine and gonads vol-
ume; to visualize follicles and to predict spontaneous
puberty and menarche in our patients; to highlight the
role of MRI in the follow-up of TS adolescents and in
the choice of treatment line and timing.
We present a retrospective study on the evaluation and
follow up, over a 6 years period, of 19 patients with TS, di-
agnosed by karyotype. Patients age was: 9–16 years; bone
age (by Greulich and Pyle method) was: 12.4 ± 2.2 years;
all the patients underwent transabdominal pelvic US and
pelvic MRI, as required by parents. We compared ovarian
and uterine size, follicles number and volume evaluated by
transabdominal US vs by MRI and we correlated pelvic
imaging with karyotype and hormonal data (FSH, LH;
Prolactin, TSH, fT3, fT4, IGF-1).
In all the patients a standard karyotype was obtained
by lymphocytes culture of peripheral blood and revealed
the following karyotypes: 45,X in 7 patients; 45,X/46,XX
in 1; 45,X/47,XXX in 1; 45,X/46,XY in 1; deletion of the
short arm of X chromosome in 1; 45,X/46 del(Xp) mo-
saicism in 1; mosaicism 45,X/46,X,i(Xq) in 4; mosaicism
45,X/46,X,r(X) in 3.
All the patients received or are currently treated with GH
(0.03–0.04 mg/kg/day) with a significant improvement of
growth. Three patients developed hypothyroidism second-
ary to autoimmune thyroiditis and received L-thyroxine
with an adequate normalization of the hormonal pattern.
None developed Celiac disease during the follow up. Two
patients had kidney malformations, with no impairment of
the renal function. None had cardiac malformations with
hemodynamic significance. Six patients were treated with
transdermal oestrogens or with 17β-oestradiol plus proges-
terone, with a regular menstrual bleeding.
Three patients had a spontaneous puberty and menar-
che, reached without oestrogens and still have regular
menses. Transabdominal pelvic US was realized by a
3.5–5 MHz probe. We evaluated uterine and ovarian size,
as well as the presence and number of ovarian follicles.
MRI was conducted without contrast, with spin-echo
(SE), FAST-SE, T1 and T2-weighted images in axial, cor-
onal and sagittal sections. All the patients were studied
by the same experienced specialist in radiology.
The pelvis was scanned in a 1.5 TL in axial, coronal
and sagittal planes (Philips 1.5 TL), high performance
4-channels body phased array coils. T1w, T2/TSE/SPIR,
DW1 sequences were performed. T1w and T2w sequences,
the best choice to study ovaries, were performed with slice
thickness of 5 mm. T2w sequence, considered the gold
standard to study uterus and gonads, was performed
also with slice thickness of 3–4 mm in patients with a
hypoplastic uterus. MRI defined the following uterine
measurements (see Table 4): TD; APD; fundus/cervix
ratio; endometrial thickness. Furthermore, MRI defined:
right ovarian volume; left ovarian volume; right ovarian
TD; left ovarian TD; right ovarian APD; left ovarian APD.
Uterine and ovarian volumes were calculated using the
following formula: Volume (ml) = LD (cm) x TD (cm) x
APD (cm) × 0,5233 [7]. The fundus/cervix ratio was cal-
culated by dividing the longitudinal diameters of the
corpus with the longitudinal diameter of the cervix.
As reference of the physiological uterine and ovarian
size we considered the population of healthy girls
described in the work of K. Holm et al. [8] (see Table 1).
We have obtained consent to publish from the partici-
pant (or legal parent or guardian for children) to report
individual patient data.
Hormonal parameters are summarized in Table 2.
US and MRI measurements are summarized in
Tables 3 and 4, respectively.
The fundus/cervix ratio detected by MRI was higher
(1.55 ± 0.54) than the ratio measured by US
(1.39 ± 0.50). The endometrial thickness was detected in
11/19 patients (58%), while endometrium was not visible
in the remaining 8. The ovarian APD detected by MRI
was not significantly different than the ovarian LD mea-
sured by US; however, in two patients, ovaries were visu-
alized by MRI and not by US. The ovarian volume and
the follicles number were not related to karyotype
(mosaicism or 45,X); 3 patients showed a spontaneous
start and progression of puberty: one with 45,X; two
with mosaicism (45,X/46, XX; 47,XXX/45, X). The pres-
ence of ovarian follicles was relieved by MRI in patients
with a spontaneous menarche and the persistence of
menstrual cycles, and it was correlated with an ovarian
volume > 7 cm (see Fig. 1).
Gonadotropins levels, especially FSH, were nega-
tively correlated with US and MRI measurements of
uterine and ovarian size, without reaching the statis-
tical significance. Besides FSH and LH showed an in-
verse correlation with fundus/cervix ratio measured
by US and by MRI; FSH and LH maintained an inverse
correlation with endometrial thickness, confirmed by
Table 1 Uterus and ovaries US measurements in relation to breast
development, in healthy girls (from “Holm K, Laursen EM, Brocks V,
Müller J: Pubertal maturation of the internal genitalia: an ultrasound








B1 1.6 (07–7.9) 1.2 (0.5–5.1)
B2 2.8 (1.3–8.1) 2.2 (1–4.6)
B3 8 (2–18) 4.1 (1.9–8.6)
B4 37 (11–56) 6.2 (1.3–28)
B5 43 (12–82) 7.3 (1.9–23)
≥19 years 61 (37–130) 7.6 (2.9–37)
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lower levels of gonadotropins in patients with spon-
taneous menarche.
MRI revealed a higher definition of imaging for uterus
and ovaries, defining volume and morphology, follicular
volume, endometrial thickness, uterine body/neck ratio
(see Fig. 2).
The endometrial thickness was measured with a higher
precision by MRI than by US.
Puberty is a critical age for patients with TS, with
problems related to possible spontaneous puberty and
menarche, to oestrogen induction and progression of
puberty, and to future fertility.
We did not find a direct correlation between karyotype
and spontaneous menarche and/or puberty. The karyo-
type of the patients with spontaneous puberty and/or
menarche varied from 45,X to mosaicism.
Transabdominal pelvic US is an accurate, low cost and
widely available technique [8]. In a routine pelvic im-
aging follow up of TS patients, US is the universally
available and suitable recommended technique. Never-
theless, US has a low reproducibility especially if re-
peated by different radiologists. However, as previously
evidenced [7], MRI has a higher definition of uterus and
ovaries volume and morphology; in fact, it shows a
higher sensitivity in the measurement of uterus and
ovaries volumes, and in the recognition of follicles and
in the evidence and measurement of endometrial thick-
ness. In our study, in fact, MRI showed ovaries in two
patients, otherwise not detected by US. The ovaries im-
aging well correlates with gonadotropins levels, both in
patients with spontaneous or induced pubertal develop-
ment. Furthermore, ovaries volume and spontaneous pu-
berty does not correlate with karyotype in our patients.
MRI can help in the study of ovaries and shows a
higher sensitivity in their evaluation, when they are be-
hind the uterus, when bladder is empty, when meteor-
ism is present. MRI is the best choice to follow TS
patients with mosaicism including Y or fragments of Y
chromosome. In fact, this karyotype is a risk factor of
dysgerminoma in dysgenic gonads [9].
MRI in T2w (in sagittal, coronal and axial planes) has
a higher definition than US when the uterus is hypoplas-
tic. MRI could represent a future gold standard in the
follow up of adolescent patients with TS: in fact, it is
able to view small ovaries and follicles otherwise not
found by transabdominal pelvic US.
However, we must consider the significantly higher
costs of MRI compared to US and the difficulties to
repeat the exam frequently in patients who need a
follow-up, as TS girls. In younger patients the diffi-
culties to perform MRI are often linked to the need
to do a sedation of the patient; for this reason, we
organized MRI only for patients who did not require
a sedation.
Therefore, we suggest performing MRI almost in pu-
bertal age and comparing MRI with US measurements
and hormonal data. The evidence of well defined ovaries,
associated with normal levels of FSH, LH, oestradiol
could be a favourable prognostic element of spontaneous
puberty. The follow-up can be assured by US, monitor-
ing the efficacy of treatment and the timing of addiction
of progesterone to oestrogens.
Table 2 Hormonal parameters
FSH 25.74 ± 38.76 mIU/ml
LH 4.07 ± 4.46 mIU/ml
Prolactin 9.86 ± 5.76 ng/ml
IGF-1 364.9 ± 206.5 ng/ml
Table 3 uterus and ovaries US measurements in TS
Uterine US measurements M SDS Range
LD 4.33 1.92 2.00–8.13
Corpus 2.55 1.45 1.00–5.42
Collus 1.70 0.56 1.00–2.71
Fundus/Cervix 1.39 0.50 1.00–2.00
Right ovarian LD (ml) 2.6 0.1 2.4–2.70
Left ovarian LD (ml) 2.77 0.45 1.87–3.20
Table 4 uterus and ovaries MRI measurements in TS
Uterine MRI measurements M SDS Range
TD 2.32 1.32 0.60–4.30
APD 2.05 1.17 0.50–3.60
Corpus 2.83 1.52 0,90–5.00
Collus 1.79 0.69 0.60–3.00
Fundus/cervix 1.55 0,54 1.00–2.50
endometrial thickness 6.90 3.90 3.00–16.00
Right ovarian volume (ml) 3.16 3.44 1.3–8.3
Left ovarian volume (ml) 5.40 4.10 2.5–8.3
Right ovarian TD (mm) 1.48 0.43 1.00–2.00
Left ovarian TD (mm) 1.3 0.14 1.20–1.40
Right ovarian APD (mm) 2.23 0.76 1.30–3.10
Left ovarian APD (mm) 2.55 1.34 1.60–3.50
Fig. 1 MRI imaging of a patient with spontaneous menarche
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However, MRI can integrate the endocrine follow-up,
help to distinguish patients with potential spontaneous
pubertal maturation and to choose the appropriate time
to begin estrogens treatment, avoiding unnecessary
drugs. MRI is a useful guide in the choice of drugs and
of their correct management timing in the follow-up of
TS adolescents. These findings can improve the follow-
up of these patients and select those with a prognosis of
possible fertility [10].
In addition, MRI could be a milestone in the diagnosis
and identification of TS patients who are candidate to
ovary cortex biopsy.
These critical points require a multidisciplinary ap-
proach, with still open questions on the endocrine and
psychological follow-up of TS patients.
Abbreviations
APD: Anteroposterior diameter; LD: Longitudinal diameter; MRI: Magnetic
resonance imaging; SE: Spin-echo; TD: Transverse diameter; TS: Turner




The authors declare that they have no funding for the research reported.
Availability of data and materials
Data are available for Editor.
Authors’ contributions
All authors contributed to the research and the editing of the work, and approved
the final manuscript as submitted and take full responsibility for the manuscript.
Ethics approval and consent to participate
Not applicable (not needed as per local regulations, since data were anonymized
and extracted retrospectively from clinical charts).
A copy of the written consent of the patients’ parents is included in the hospital
documentation of the patients.
Competing interests
The authors declare that they have have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Universitary Department Pro.Sa.M.I. “G. D’Alessandro”, University of Palermo,
via dei Benedettini n.1, 90134 Palermo, Italy. 2Diagnostic Operative Unit, “Villa
S. Teresa Diagnostica per Immagini e Radioterapia”, Bagheria, Palermo, Italy.
3Operative Unit of Endocrinology “Azienda Ospedali Riuniti Villa
Sofia-Cervello”, ASP 6, Palermo, Italy.
Received: 19 October 2017 Accepted: 22 January 2018
References
1. Menasha J, Levy B, Hirschhorn K, Kardon NB. Incidence and spectrum of
chromosome abnormalities in spontaneous abortions: new insights from a
12-year study. Genet Med. 2005;7:251–63.
2. Baklava VK, Shawker T, Ceniceros I, Bondy CA. Uterine development in
Turner syndrome. J Pediatr. 2007;151:528–31. 531.e1
3. Doerr HG, Bettendorf M, Hauffa BP, Mehls O, Partsch CJ, Said E, Sander S,
Schwarz HP, Stahnke N, Steinkamp H. Ranke MB and the German IGLU
follow-up study: uterine size in women with turner syndrome after
induction of puberty with estrogens and long-term growth hormone
therapy: results of the German IGLU follow-up study 2001. Hum Reprod.
2005;20:1418–21.
4. Haber HP, Ranke MB. Pelvic ultrasonography in turner syndrome: standards
for uterine and ovarian volume. J Ultrasound Med. 1999;18:271–6.
5. Mazzanti L, Cacciari E, Bergamaschi R, Tassinari D, Magnani C, Perri A,
Scarano E, Pluchinotta V. Pelvic ultrasonography in patients with turner
syndrome: age-related findings in different karyotypes. J Pediatr. 1997;131(1
Pt 1):135–40.
6. Kelsey TW, Ginbey E, Chowdhury MM, Bath LE, Anderson RA, Hamish W,
Wallace B. A validated normative model for human uterine volume from
birth to age 40 years. PLoS One. 2016;11(6):e0157375.
7. Cleemann L, Holm K, Fallentin E, Skouby SO, Smedegaard H, Møller Steven
M, O'Toole S, Lam JP, MacKinlay GA, Cascio S, Borch-Christensen H, Mosfeldt
Jeppesen E, Wieslander SB, Andersson AM, Cohen A, Claus Gravholt CH.
Uterus and ovaries in girls and young women with turner syndrome
evaluated by ultrasound and magnetic resonance imaging. Clin Endocrinol.
2011;74:756–61.
8. Holm K, Laursen EM, Brocks V, Müller J. Pubertal maturation of the internal
genitalia: an ultrasound evaluation of 166 healthy girls. Ultrasound Obstet
Gynecol. 1995;6:175–81.
9. Maggio MC, Liotta A, De Grazia E, Cimador M, Di Pace R, Corsello G.
Polycystic ovary and gonadoblastoma in Turner's syndrome. Minerva
Pediatr. 2007;59(4):397–401.
10. Alvaro Mercadal B, Imbert R, Demeestere I, Englert Y, Delbaere A. Pregnancy
outcome after oocyte donation in patients with Turner's syndrome and
partial X monosomy. Hum Reprod. 2011;26(8):2061–8.
Fig. 2 US and MRI immaging in a patient with hypoplastic uterus
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